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DEVELOPMENT OF SUBMERGED ENTRY
NozzLEs THAT REsIST CLOGGING

BenEFTS DEVELOPMENT OF SUBMERGED ENTRY NOZZLES (SENs) CAN
* Reduced refractory costs INCREASE YIELDS, IMPROVE PRODUCT QUALITY, AND INCREASE
* Increased steel quality/cleanliness PRODUCTIVITY IN CONTINUOUS CASTING OF STEEL, A PROCESS

" Increased steel production through USED FOR THE PRODUCTION OF 95% OF STEEL IN THE U.S.

elimination of unscheduled shutdowns

and consistent throughput This project is a comprehensive refractory research program that will provide the

* Increased energy efficiency data necessary to define the mechanisms controlling nozzle accretion, providing
the basis for developing new technologies for reduction or elimination of nozzle
clogging. The project consists of four major activities: 1) A detailed post-mortem
microstructural characterization of multiple nozzle accretions from steelmaking
facilities using a range of casting conditions; 2) Development of a high temperature
simulation that accurately reproduces the accretion so that materials can be

APPLICATIONS evaluated under controlled conditions using a design of experiments approach;

3) Documenting a detailed wetting behavior of nozzle materials by molten steel as

a function of steel chemistry and temperature; and 4) Development of a simulation

that accurately reproduces the thermal shock conditions that are present during

prevent reoxidation of the molten steel use of nozzles.
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Project Description

Goal: Identify combinations of steelmaking practices, flow combinations, and refractory
materials that resist clogging.

Successful development of a nozzle that results in improved clogging resistance will
result in reduced steel production costs, increased steel quality, increased steel
production through more consistent operation, and increased energy efficiency.

Progress and Milestones

» Project start date, July 1998. Duration, three years.

ProJecT PARTNERS

Participant surveys, literature reviews, post-mortem characterization are completed.
Accretion simulation and verification are complete.

Wetting characteristics of iron and steel on selected substrates is in progress and will
continue through the end of the program.

Metallurgical effects on the accretion simulation are in progress and will be completed
in February 2001.

Steel/refractory interaction studies are in progress and will be completed in May 2001.
Accretion of candidate nozzles will be completed in July 2001.

Thermal stock validation of promising nozzle compositions will be completed in July
2001.

Field trials will be initiated late in 2001 if warranted.

University of Missouri-Rolla  National Steel Corporation
Rolla, MO Trenton,MI

(Principal Investigator)

Americanlronand Steel Institute - Rouge Steel Company
Washington,DC Dearbom,MI
(ProjectManager)

Acme Steel Company Stelco, Inc.

Chicago, IL Ontario, Canada

AK Steel Corporation The TimkenCompany
Ashland, KY Carton,OH
Bethlehem Steel Comporation USX-US Steel Group
Bethiehem, PA Monroeville, PA
ISPAT Inland, Inc. Weirton Steel

East Chicago, IN Weirton,\W

LTV Steel Company

Cleveland, OH

FOR ADDITIONAL INFORMATION,
PLEASE CONTACT.

Fred Hart

Office of Industrial Technologies
Phone: (202) 586-1496

Fax: (202) 586-3237
fred.hart@ee.doe.gov
http://www.oit.doe.gov/steel

Please send any comments,
questions, or suggestions to
webmaster.oit@ee.doe.gov.

Visit our home page at
www.oit.doe.gov

Office of Industrial Technologies
Energy Efficiency

and Renewable Energy

U.S. Department of Energy
Washington, D.C. 20585

OIT

April 2001



